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Abstract 
The article shows the non-exhaustive theoretical bases of the thermal utilization of solar energy. Based on statistical 
data it gives an overview of the spread of sun collectors in Hungary. It gives the reasons responsible for the current 
situation and proposes possible solutions. 
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1. Solar radiation 
Sun collectors transform the radiation energy represented by the short wave ( = 4 μm) beams emitted 
from the Sun into heat energy. This heat energy may be utilized for terrestrial life. This article only covers 
the “sun radiation – sun collector – utilization of heat energy” relationships. Figure 1 shows the proportion 
of solar radiation reaching the Earth’s surface and the losses of the radiation. The above Figure is based 
on the assumption that 54% of the Earth’s surface opposite the Sun is covered by clouds, while 46% is 
clear (free of clouds). A large amount of the radiation leaving the Sun cannot be used on the Earth – for 
heat production. These must be considered as losses. These losses (Figure 1) and their relative value: 
 Reflection into space 30% 
 Absorption by the ozone layer 2% 
 Absorption in the atmosphere 25% 
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Fig. 1. The balance of solar radiation 
With these values the total radiation loss amounts to 57% of the radiation of the Sun. This means that 
43% of the solar radiation may be utilized on the Earth’s surface. These losses occur in the airspace 
between the lower border of the thermosphere (at a height of ~ 80 km) and the Earth’s surface. It is 
assumed that the losses of solar radiation above the height of 80 km (the lower part of the thermosphere) 
are negligibly small compared with the total loss. In the lower border of the thermosphere the relative 
energy of the – loss free – solar radiation, when the Earth is at its mean distance from the Sun, is 
determined to be at 1345 W/m2 ± 3 % by the specialist literature. This value is called Solar constant (N). 
This means that the relative energy current represented by the unobstructed part of the radiation 
coming from the Sun is called Id=1345 W/m2 x 0.43 = 582.2 W/m2, the energy current represented by 
direct radiation (Id). If we place a surface (e.g. a sun collector) smaller than the Earth’s surface irradiated 
by the Sun in the irradiated area of the Earth’s surface, then the solar radiation reaching this surface is 
shown in Figure 2. 
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Fig. 2. Solar radiation reaching the sun collector 
Part of the previously described losses (diffusion) may become utilized on the surface of the sun 
collector. With these the solar radiation reaching the sun collector is: 
 direct : Id  
 diffuse : Idif  
 diffused by the atmosphere : Ida 
 diffused by the Earth’s surface : IdE 
 
Total radiation reaching the surface of the sun collector (Itotal): 
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2. Hungary’s potential from direct solar radiation 
In Hungary the total hours of daylight is 1850-2200 hours/year. The area of the country is (rounded) 
93000 km2, which is 93·109 m2. The energy reaching Hungary’s surface by direct solar radiation (Id): 
TWh
mWxE radsoldir
1.54
)(2.58210.93 29..
  (2) 
where h is the hours of daylight.  
Naturally, this amount would be generated only if the total area of the country was covered by sun 
collectors. If we further examine the energy coming from direct radiation, more considerable 
determinations may be made. 
Assuming that 1 m2 sun collector is installed in every 1 km2 area of the country (total 93000 m2), 
altogether E= 54.1·103 kWh energy becomes utilized. This sun collector output (54.1·103 kW) equals the 
total output of heating equipment operated by fossil fuels installed in about 2500 – average – houses. 
 
132   István Patkó and András Medve /  Energy Procedia  32 ( 2013 )  129 – 135 
3. The actual situation of the thermal utilization of solar radiation in Hungary and Europe 
The following statistical data from 2011 were published by the ESTIF (European Solar Thermal 
Industry Federation) in June 2012. The statistics refer to glazed collectors, which may be flat plate or 
vacuum tube. In the statistics the amount of heat energy produced by 1m2 sun collector is 0.7 kWh. 
In 2011 in the area of EU27 (27 countries which belong to European Union + Switzerland) altogether 
37,519,126 m2 sun collectors were in use, which are capable of producing 26,263,388 kWh i.e. 26.3 GWh 
energy. Among the operators of sun collectors in Europe, Germany covers the most areas, a total of 
14,994,000 m2. 
In order to examine the situation in Hungary we must choose European countries which are very 
similar to or can be compared with Hungary in area, population size, geographical location, and yearly 
sunshine hours (1,850-2,250 hours/year). These countries are: Austria, Switzerland, Slovakia, and 
Hungary. The location of these countries can be seen on Figure 3. The Table 1 shows the most important 
data of the countries [6]. Table 1 shows that Switzerland is the richest country (81,160 [USD/103 pers.]) 
and Hungary is poorest country (14,050 [USD/103 pers.]) among the examined countries. The relative 
wealth of the countries is shown on Figure 4. 
 
 
Fig. 3. The maps of examined countries 
 
Table 1. Data of examined countries (2010, 2011) 
Countries Area [km2] 
Population 
[person] 
GDP (nom.) 
[109 USD] 
GDP/capita 
[USD/103pers.) 
Austria 83,855 8,414,638 419.24 49,809 
Hungary 93,030 9,982,000 140.3 14,050 
Slovakia 49,035 5,397,036 96.09 17,643 
Switzerland 41,285 7,952,600 636.06 81,160 
EU27+Switzerland 4,329,240 492,387,300 16,741.16 34,000 
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Fig. 4. Wealth (relative GDP) of examined countries 
Based on the statistical report [2] we created Table 2. It lists only the areas of sun collectors in the 
examined countries and in the countries of the European Union along with the data of Switzerland 
(EU27+ Switzerland). The table contains data about: 
 area of flat plate sun collector 
 area of vacuum sun collector 
 area of glazed (flat plate + vacuum) sun collector 
 
In this table you can find data about how many m2 sun collectors transformed sun radiation energy to 
heat energy in individual countries in 2011. It provides data about the developing of sun collector area in 
2008, 2009, 2010, and 2011. In the last column of the table, the data of the sun collector areas in 2010 are 
compared to the data as of 2011 in percentage. Comparing the data of the countries will not give valuable 
result, because this table doesn’t contain data about the wealth, the number of the population and the 
surface of the countries.  
This problem will be solved in Table 3. It contains the area of sun collectors compared to the country 
area, capita (1000 inhabitant) and GDP of the countries. And the results of the comparison in Table 3 will 
be shown in Figure 5 and Figure 6. The diagrams clearly show the situation of Hungary. 
 
Table 2. The area of sun collectors 
Countries 
in Operation Newly installed 
2011 2009 2010 2011 2011/2010 
Total glazed 
[m2] 
Total glazed 
[m2] 
Total glazed 
[m2] 
Total glazed 
[m2] 
Flat plate 
[m2] 
Vacuum 
[m2] 
Total glazed 
[%] 
Austria 3,988,088 356,166 279,898 230,189 221,495 8,694 -17 
Hungary 170,814 22 21 21 14,9 6,1 +0.0 
Slovakia 142,25 13,5 15 23 19,32 3,68 53,3 
Switzerland 1,023,698 145,64 144,773 140 130 10 -3,3 
EU27+Switzerland 37,519,126 4,246,170 3,705,879 3,659,489 - - -1,3 
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Table 3. The relative area of working collector in 2011 
Countries 
 Compared to  
country area 
[m2/km2] 
Capita 
[m2/capita] 
GDP (nom.)
[m2/106 USD]
Austria (AT) 47.56 473.95 9.51 
Hungary (HU) 1.84 17.11 1.22 
Slovakia (SK) 2.90 26.36 1.48 
Switzerland (CH) 24.80 128.72 1.61 
EU27+ Switzerland 8.67 76.20 - 
 
 
 
Fig. 5. The area of sun collectors/1000 inhabitants 
 
 
Fig. 6. The frequency of sun collectors in the countries 
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4. Summary 
In summary it may be concluded that this result is the consequence of: 
 Failed government and energy policy,  
 Uninterested social atmosphere,  
 Insufficient utilization of the funds provided for this purpose by the European Union.  
 
What is the solution? 
The energy price increase – in the near future – will force Hungary to: 
 Create a new philosophy in energy policy,  
 Create a new system of subsidies which will support financially the user and not the sun collector 
producers,  
 Persuade the inhabitants in a planned way,  
 Make a system of subsidies which will subsidize the thermal integration of solar energy with the 
posterior heat insulation of buildings by introducing immediate measures. 
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